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TI - DEVICE AND METHOD FOR OFDM DEMODULATION 

AB - PROBLEM TO BE SOLVED: To provide a device and a method for orthogonal 
frequency division multiplex(OFDM) demodulation with which symbols are 
synchronized to minimize the influence of interference between symbols 
even in the environment to generate a multipath. 
- SOLUTION: An input signal is an OFDM signal composed of a transmission 
symbol composed of an effective symbol period and a guard period while 
containing a prescribed synchronizing symbol for each transmission 
frame. A correlator 105 finds the correlation of a signal generated by 
a synchronizing symbol generator 105 and the OFDM signal. A 
correlation quantity computing element 107 operates a correlation 
quantity from the found correlation. An integrator 108 integrates the 
operated correlation quantity with the guard period. A timing 
discriminator 109 discriminates symbol timing from the integrated 
correlation quantity. A fast Fourier transform(FFT) window generator 
110 outputs operating timing of Fourier transform from discriminated 
symbol timing. Based on the output signal of the FFT window generator 
110, the OFDM demodulator extracts the signal of the effective symbol 
period from the transmission symbol and demodulates it. 
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TI - OFDM demodulation apparatus e.g. for demodulating signal transmitted 

under orthogonal frequency division multiplex technique 
IW - DEMODULATE APPARATUS DEMODULATE SIGNAL TRANSMIT 
ORTHOGONAL FREQUENCY 

DIVIDE MULTIPLEX TECHNIQUE 
IN - HARADA Y; HOSOKAWA S; KIMURA T; NAKAHARA H; SHIRAKATA N; 
TANAKA K 
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RO 

SE SI 

AB - CN 1278 127 NOVELTY - The OFDM signal is estimated by an impulse 
response estimator (112); An integrator (108) integrates obtained 
signal. A timing estimation device (109) detects symbol times of the 
OFDM signal based on value obtained by integration. A window generator 
(110) generates, the symbol timing, window timing to provide the valid 
symbol period. The OFDM signal is Fourier transformed according to the 
window timing. 

- DETAILED DESCRIPTION - An INDEPENDENT CLAIM is included for an OFDM 
demodulation method. 

- USE - For demodulating signal transmitted under orthogonal frequency 
division multiplex technique. 

- ADVANTAGE - Sets symbol timing in such a manner as to minimize 
adjacent- symbol interference even if transmission path characteristic 
varies with time. Corrects frequency shift, if any, for satisfactory 
synchronous symbol detection. 

- DESCRIPTION OF DRAWTNG(S) - The figure shows a block diagram showing 
the structure of an apparatus for OFDM demodulation according to a 

first embodiment of the invention. 

- Fourier transformer 103 
-Integrator 108 

- Timing estimation device 109 

- Window generator 1 10 

- Impulse response estimator 1 1 2 
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[00 2 23 36(c. *f*U<li. ^1 2tf>*|HjJ<0J:? 

fcfc*WiLT, *^£l»ft«^3l*-je*>«c»L 

[00233 ±IE<0J: 5 fc, m4~mi 2c7)»BB^J;ix 

fticj: 9. m4~mi 20jwrett. gi*K#tt*<W* 
/hS < S-iirT O F D Mfl*9«>fMt£?T 3 , -f Srfc-k&ft 
[ 0 0 24 3 SSI «3£<OBf5g?>-9-7** ^ 'J 

rtcs^ffl i: % hmawu dvH+'J ta^j o m 

X t>tl?zO F D Mfl^S: » ffiffrTS O F D M«f?!£ET' 
J>r>T. OFDMfl^£-7-yx^&$--&7-yxS3ft 



o -y y 7*2:5X0 SW'M O'/h^ + 'J 7KKB 

[0025] ±K<0i 3 fc. m 1 30>WJie JrtUT. 7 
- y X^»c0d^*> ^ *Y a v h * * V T *tt ffi U . 

nvh**yrot(Hi5Efl:t=»-?v\T. 7-y 

x^Sl^<7)?g^>f 5 ym-fixtmZL. 5 
SrlSS-fS. ^ixlCJ: 0, mi 3<^|BBT'(i. t^r'J 

c o o 2 6 1 m 1 4 <of&Bj?i±, u-j*mzm&cr> 
- ffit^riKBawvMa-yh^yrtnoaTfcoFD 

JVIfi^. ffiifrr&OFDM!SS8ISaT-*-sT. OFD 

#?\sbm-nm^*&!kt&g&i'>#>^£&b. m 
mis>#Ji>&&.%tT$&kZitrzm^b. 7->jx» 

*fiSfflMMBJ=»r?v^T. 7-yx^S5T'7-yx^ 

m^t>. ^Mo-y ^^f J ^yrs:^xo^^l•tJ''!-f o>y 
■vyrttiflasi:. ttmsfifc^-fo-y h^yroffin 

x. 7-yxsanstriwi 5 3«**-f sy^fcjstai^ 
>^kicai^v»T, 7-yxsaft*ti6#S'fr4JS5'w 

[0027] ±l50«t o fc. m 1 40IKB(= J:itUT . S 

fl:Sit«aw)«*&»6^o-x h^-vyr$-ttaiu. i 

«o; sM n -y h * -v y r OffifflSl-fbl^^v -»t , 7 - y x 

iis^-s . £it*c J: o . hi 1 4 owpjTti. tvr y y 
fcWBrc^ yXfuommzn ?zb #v* & . 

[ o 0 2 8 ] UK 1 5(o#pm. m 1 4 W«WiC«UW-6 

[0029] ±ieo«t?c. mi 5*)*wcj:*itir. -9- 
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>70>mmcfhtf : tm-rz%>&z£.i& % 

5g:M S^k. ^fl:S-y:SOFDM(i^$-7-Ux3g 

&<m®m>$>im&{tz&&L. ^(oms&itiz^ 
^xmrnsMtrnzniEtz. ztuzjz'o.mis^m 
Tit. m^z&it-? r&i±$ ^J-t ft . 

[0 0 3 0] -I-IT, »*U<{±. SB1 6C0^<oJ:5 
SSftfll **«E*" ft X o irf ft . 

[oo3i] tfsfc u< i.±. m i<»w%<r>* o 
ftidfc-*-*. 

[0032] *e>lz. $t£L<lt. Sfcl 8co?Wicr>ko 

d M«-^o{affl-rn$r*t^-r ft <apffl-rftf£5es? k . 
•rfuca^wr. efl&*>6titfj£*ift<s?«>ttffi £*i 

IE-f ft&ffl1€IESPk 5:3 felcfll*. * ± 3 fcrfft . 

X-mi£.ZtlZ>-T-? zs>X>\sfrt>%& O F D M^Sr . 
«iWftOFDMg|£fri£-C£>oT, OFDM«ffr 
£>. 4 WW-*JJ^£t££-$"ft*'r-!'7'k. JtSSKi-? 

ffi-f ft-Xx-yTk. zsyTt/umyrtz&rfMX, =fr 

Tt, JSW-f OFDMfl»fc7-yx 

[ 0 0 3 4 J 312 OOWSii. 35 1 9<?D%HHlCfi6g-rS 
%HJT'S>^T. R^i^H^T'. |S|-8TO#^#2 
0J2UhJWBWfce»*ivt^***. OFDMWS. 
m^XT;t4ifc£tta&Stfft*x-y7k. »3*ufc 
itk O F D MH^t «;*Stlaf-»/rt > miZtl 

4 sy^ttfioT, E&!fcl^£«fH"ft*T-yrk. 
T. OFDMfi^Ojg&3^*i.£«jEi-ft*x-yTk£ 
T. JB«St**i*TOE3ftfcOFDMfflW*. 7-'JX 
[00 3 5] 312 1 *>W»i. 3S 1 9*>SW!C«IW-* 

mxtmmmzmm^tix^t^. opdmot (m 

1 O F D Mfl^ ) . * 1 ^>BfJ&9-y7 , *!BWf ttiMES 
tfftJSljBfi^vTfc. 3Hgg*T-y7"t'iiS$ft 



fclt^-kSS 1 0 F DMft#k £fk»-f&Ml 1 SB^f'v 

3S 1 Ttefcx*- y T k . m 1 ¥*3-ffc*T- y TTWItS 
*ufcfl#tc*^vvr. 35lJf*®^M£8*£-'$"ft*7 1 :' 

7 n, ift««fc3i^v\-c. mi oFDMft-f-kmia 
f d w&*0>i'>#fr9<< s y?*&iz~r ftSi i wex 

msztizmimmmmizm^x . siofd 
Mm-^osaasrfit^ffiiE-rsxx-yri:. jbwbtwi 

WMJEZtUZm 1 OFDM^f (S20FD M{f-^) 

m2<7)m^-9-yr;HR^f(ts®s-*s^2a?^x 

•yT-k. *2HKX^'y7~CSBS«*ifcfi#fc*20F 
DM«»fcfcJlt*-J-ft»2***f l 'y7 , fc. 3S2SI3LX 
^T^fcSft^^fcT^^ft^JMHt*?-* 

T-yrr^aj^it^:^^^^ s^^tcfifoTv ff2 
-MKSiu^ft^'c. m2 0FDMm-^(?5jg^a-miis- 

m2 0FDMfi^3&»A.. -f^XfflftftJlL. ^ 
1ffiES*utm2 0FDM{i^^s 
[0036] #*t<(i. m220^HHwJ:3 

mi 9-^2 l^Bjcoa^-r^xx-yr^. 

[0037] *2 3«)^OJ: 9~ 

* 2 1 Wf&HBcOSI^-f 4 ^t- -y r**. ^f- K Hia^M k 

^S^^m^S-«^-rS - k t= ± 0 > ii~ HJBISBW) 

[0038] *SVMi. SI2 4c05%Hgt0idtC> mi 9 
~3I2 1 ^«BJ<^S^S-^T 7 7* { . ii— YWSPM 

SKA*«^«r«MW* - k J: "3 . XT- HMRI 

■f ft. 

[0039] ±fc. tfiL<U. IB25iO%B^J:p 
tC s m2 2-m240^^>}t^-fSX-r>y7-*«. 
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xfrb n-rtsftk .ofd mmt <?>im*mim 

[00 4 03 stfcli. Wl2 6COmi<7>£olZ. 812 2~ 

mstitim^frd . fflm&zm.m-&x7- >y7t z&ts 

[004 1 ] #ai,<Ji. Sl2 7W^W<J:p 

h/l' ( i , q ) <9f6*MI£?1! 

[004 2] 2fcfi. m2 80^0i'5t=. 312 5ii 
itfS2 6^?&Bj^g^s;^. y :r#. JjjZti&m 

^comm^t h)v ( i . q ) i nt&tmt q<^« 

Stfflfc OfflSr«S:-r S J: o let & . 
[004 3] fc&v^i. m2 9«0^QB«0j:atc. 312 5 
fcitfSS2 6O&HJ!<08£^&XTyr#. A^Six* 
flWWf^J'HKi, i<732SHBkqO 
2 jHfiS k <o»tr«S:i- ^ i 3 . 

[0044] ZZT. ffiKIl 853 0^«HJ<Oid 
CC» IS 2 l^&BH^m^Xx-vra^ 5t 

(Office o Jt^ k fcftffi UT . *<o&Si£f£*«lj!i<^15 
[ o o 4 5 3 ^3 i <r>%m&. Wkamfcw?**v 

TtemtmktthW&WM o>y h^p-vUTsWHOS 
Ttit^OFDMfi^S:. WW & O F D MffiftfrffiT 

7-yxJffl»S*ifc«*&»fe. AWn* h**UT«:tt 
DaStXf77t, JitllSfLfc^-f n-y h^UTOTlft 

-yxsa*fc»f*&***>r 5 x^&^-fj&M 5 

co-msrfiisrrs^-f-yri:, «de**ifc-«ik. of 

DMIf^5/y^'f S^kKS^T. OFDM 
•yTk fc-fctt. 

[ 0 0 4 6 3 S§3 2 ^i7U-A*(CWftO 
ffi t =5r SKfflW M o -y h # * y r SrSfl 0 ST fc O F D 

m«^£. «w-*oFDM»wr^ca->T. ofd 

M«*fc7-!/xJBIW-*X7 s, '*ri:, Sm^ytf^k 
7-UxS^Sn^ffl-^i:fcS-cfv^T, 1S£f&<D#tt£ 

eaHBMWitat^v^T, 7-yxjs»s*i*Hi***fl: 



y r^fflMSBft taw-*-* xf * r k . fiwswfcfc*? 

4 = yfcoitizmfc-rz xf -y rt , j£jg$ir*:-m 

k. OFDMg-f^i'yW'f Sy/tCa^^f. 
OPDMft^7-yx3EfH$«««[^«f 5 >- 

[00473^33 <7>%m±. m 3 2 C^BJHct&g-t-i, 

ffl-rftfc&fesx-r-yTi:. fira-wicastfvvc. is* 

KfSfSS-fitjE-r^X-r-yT-t £ § ^tc-i-tf. 
[004 8] i£T. #£L<t±. mZAWMtoiil 
fc. msSco^coajE-r&Xx-yT-* 1 . ilSti^f 

[0049] ff*L<i±. m35<7>mi<Di;o 

[00 503 *f*L<«, m3 6cO^<o«J:-5 

Jft3 2«>a&l(CiSVYC. finffi^-fttw^V^T. OF 

[00 5 1] 

[ miommcoBis ] < « 1 commm > a 1 —0 7 ?r 

3|:9M09flllOSdt»)B(=a&OFDMmi 

<nmmi&t,z&z>o f d M^iffl^acom^Sr^-fT'D ? 

DMgH3£g(i. A/DSS8MS1 0 1 k % iff35er&Sl 
0 2k, S&?-'JX^&S§1 0 3k, f-^HP»l 
04k. 5^y#^5"f S^^JWWl 1 1 kt-liSiS. 

i^v*^-f syrmNmi 1 ii±. -f ^^i-x 

lE^it^Sl 1 2k. «HH»1 0 8k, 94 
SI 0 9k. FFT^^Sl 1 OfcfclT*-*. 

ii2ii, fflws 105k. isijw^^^ 
06k. tmamsat 1 0 7 k sr^-rs. 
[ 0 0 5 2 ] i-r . m 1 QXWNKIK OFD mtm 

$h.T<SOFDMft^i. JJEH1 6TiRWifl»fc 
eSr^fOf-+-Til^k*Srfflv^-&Clk* i T*&4. 31 



(1 1) 82 001-691 19 (P2001-6 9 14 



ZiiA,Th£^ <#Rli\ J9rJ6<OiaPST#A-rs ) . d 

ismon&i $ t>izft±.2*tt z. t & . 
[oo533 4"SJsaaa^«t:^ft$^oF Dmm*} 

»4, AZD^mH 1 0 1 ! l ZXJ)Zti-& . A/DfflSl 
0U4. A*$ix2>OFDMfi^. Wr^tfJxS^A' 
fl-^C^|-r«.. iGelfc&Sl 0 214. A/D^ftSl 

0 1 j^tfi^Sil&x J^'Hi^A* t._r ^*>Ht 

•f-srit^ss^rs ztxmmmm^^^^i^r 

1 0 3fcJ:tf S'Vtf/kM 5>-^|5J8B&l 1 1 t'A^jS 

a*. sy^^si i i«s m&mmst. 

4. ««7-'JxjanHi0 3tt. ^ytf/WMS^ 
J^jK/UfcKOaT. lSj«7-'JxS3ftSl 0 3 

£. f-MiiS10 4ll lgjS7-'JX^ISl 0 3 

izt5^x& j V7'** vTizftmztitzm^zmmLx . 
shit-* 

[0054]»:c. ^tf/i^-f 5 s^HMH 1 1 l r> 

tih. HUB^VsKA^teSl 0 614. 2Mi38MW:£V* 

yy,f/H4Sl 0 611 mt\£. jt*UEWt?*aT 

;*?-y<K{i^$: ; ?tbffi$LXtiZ . HJffiS^JlOHI-^ 

4. ffiWSl 0 5J4. tt&fltiftm 0 2Kffl*SK4 

f6^S-e*|nl»!y^Hi-f-i:^A^-r*. *LT. ffl 
B5&1 0 5{±. SJK^jfi^iS^ft^i: lamBi" XdOHI 

is . l rxnixmy is—j*#&mWz/>#tWfli&>18m 
t**. s^ydou^-f sy^iajJHBi 1 Hi. 



ttfflBS&l 0 5*ttf*S*T. ffiRK? Wl-£#*>S. 
[005 5] ffiBBSl 0 514. 122 fcijr*-«j£ 

fcL/ttJ:^. B2&£Wt, ffiKI&10 5{4. SS&y 
-yx33887 0 3i. «SCS7 0 1t. 
XSEBHJ7 0 2 B3S&&S1 0 2*>4>tii* 

*to**l»«*»^^*4. *Bl7-yxSai»7 

o Hi, ««7-yx5»»7 o 3Tmmim.mz$sm 
701 v ^ *jts ftfcfi#ii . mis&y-vxssm 

3S7 0 2fc*3WCj£7-yxgaiS$;h.£. Z<n&7—V 

-yx£ifc&7 0 2 i:lS3$7-'JxS^itS7 0 3 
&&7 0 2 Oft*) 0 £1^517 - U X^ftS 7 0 3 fcfflV * 

x. at»S7o i3&»«>ffl*s*L*«^*ie7-uxsai 

-rSdfctt'S*., i§j$7-yx^BI3S7 0 3J: 

i««7-uxsan»i 0 3fct*jfl«*. isj$7-yx 

Sa^sl 0 3*^ai^$ii6fi^S:«»Ss7 6 ltcA^J 

■94 S^RI^ISl 1 lO0Kffl«Srfi|/jN$^*Ci:*« 

[00 56] ffiRWftftifl 0 7»±, flBWlOST* 

#5 (fflBSS) fcjWtJ. u»«B5tlis ffira^b 
JWMi. q) -C-^StlSk^St. Mitf i«02*ffi 
k q<02*fli:<OW-rt«J:VM.. LT«WK^ 

-«rct iv^; • flWMH "©««■.■ 1 0 7^- 

&Ztvfztoffl3L*A.j]L. ^fi0ffiRia5-a^'-f6. 
t « » S^H 1 0 8« . H- H-f wC;KOB#iailgS- 

i o8**aj*-^sfi#<o— M^-f. 03 (a) (cth-t 

WsV^^c0ffiBa** { AA$^w%&, «MH»1 0 8 
ZtftimftZftoZtlzX*). 133 (b) tz&tntoB. 

mz&iiititwii o 8fcai. a*iasn@ojg^jE@?- 

U@3(c) teiirj- J: dfc**KnMi^Je»«f i 0 

iwrci*Mi«tiniKj:->Tawt. «^rttt*»i**: 
[00573 a^s i o 8t-a5i-$^A:fflrafi (jar. 



(12)32 001-69119(P2001-6914 



(13) 92 001-69119 (P2 0 0 1-6914 



J'jJOl^Sv^fc-fiur. OFDM«Kggat4. i'V 
-f £ Z t i**J&t%Z. =5rfc , ^ytf/UfSTiSfcoi^SS- 

#&1 0 8fcfcWC_bi2ia3 (c) IzjpLtzm&Zfto 

m#¥&zm^z®nr. imttma. <i27 («d > &n 

[0062] nitox 0 t % #s&hb<z>!& 1 nmnmrniz 
ixsoFD ma* & wrrs ran '»#>m^t offl 

O F D Hft^XUIfr 3 , -Tfrfc^&mx- * £ B£ 
[0063] (3S2<0Hifel8lg) @8£#MLt\ 

8fC£WC, ^2cOHit^StC«SOFDMmP©ia 
ti. A/D3SS4S1 0 It. IlG$5&i*£10 2i:. ffit 
7-'jxSaiSl 0 3i:. f-?g»l 04fc. isls 

SgflZOlfc. m&&202t. T«Wiai2 0 3fc» 
ja^Stl^iS3|[§i2 04t. *-7H«»2 0 5i:. 
IS*iiES2 0 6fc5:*-rS. 

[00643 tastc^n-* 3 m2commmizmi> 
o f d Mfus^gti , ±ism 1 nmtgewta sofd 
M&nsinc. s 1 ff>msmm»2 075-$ ^tcflo* 
fcuwre** . z<nm\ e>mmcmm& 2 0 7 n. a* 

2^Jfe^ffi(C«SOFDMSI^IBOfte<?3if8fi£{i. ± 

Gft 1 oXfBgneff £ o F D MfUHgaatlj&fc fflft 

[0065] il3c«^S 1 0 2 {cfcl vtSSU«*ifc£fc 
HttR»«*>«*tt. 2@S2 0 1 t5XVfm&2 0 2 



K-fch/WiAASit*. S®S2 0 114, 

fot^^S. Wilf. Wmisy#MZ#-Y4 y 
^m s yyifs)VffrfyT)\^.t^h. <Si&«2 0 2»4. iff 

3cfc&&i o 2*&ffift$*.&&&ffl»»#iA^* 

t . 2 o i ?wm2tiKmmmmm®<?>m*7co 

t=»"33ELfc«*T&*. «->T» Sli*&2 0 2l4. 2 
7 h ;u#?I®:t£ ZZklztcz. ztnt. <JT 

izmw®crtiwm?t&i&£. &&is>xjvHztinz 

kzmmLtzi>coz'hz. m-^x. sma2 0 2tzts\.* 

-rti mi&mzm) zmttt z t * . 
[0066] raa^^df/i^, 

i mmoyyrjv&k-th z. t & s . Mi 
if. hm5/>moh*. ^y^;naisii*i-eig-jftjB* J 2S 

ft * t -T S h « ^SiS 2-0 .i.-c«**«s 3 

A«SrNk-t*ltfiV^. 3it^i0s SSS2 0 2T 

[006 7] ¥^332 0 3(4, ^S2 0 2r^i6^> 

b^*T*Wtr*. £*>fc*. 2 F*>'fl:fs2 0 3{4. 
S2 0 1 ■C»Jg8*iK:'9-^7 , n«OiaaK*Jtt&ffiffl« 

ftfS2 0 3fcfcVvt, Bf^yTAHaWlffiMift^^ 

«JB«H&ft<tTH»ttf. OFDMtlSIKfc^T; 
j$SCiail«»S 2 0 4 14 . T^'fkS 2 0 3 TSW> 
-?^^xxyh ( tan-') feaWW*ikT, ^jft 

aisiifi^ muufckiai 204 t> 

SMSe^mHdMIIEIl2 0 6^ttl^i-ft. 



*> . * 4 5 10 9 •C ! fiJ5£$ta:H«!S' 

vd<*«)W»(*fctt»T) ^-fS^tt. FFTiSSI 
±381 1 O^aj^Sfl*. FFT5g?fc£fcgl 1 0J±, A 
;fc$tt&PM;^tf/UOBIHfc <*fcttl*T) rMSf^ 

?—j^w^^te£V^i'vx>v&mmi. maxt> 

$*th.(f. FFTSg&±Sl 10{i, ^^-f SV^tC 
^JWIBJCffiS"^ & F F TJBft9£ft£-f« - 

[oo58iac. s^doi^-f scrawl 1 1 i* 5 

afiifcP&<tiffilfc <HB (a) ) -so 

o 7X'm%zti&mmLhmwi/>X)vm^t(mmm. 

«. 04 (b) tc^Tidlc> B3gjft05fc®t;:3fth.6. 

>1&V94 5 >-:/£R}£**Uf . O F D MfflfBggtt. 

[00 5 93 057*3. VA^N'xtf^t-. ttJSifc (PI 
[2(a)) kjBffiiS (HB (b) ) t«02&*^$ix 
tz^mk (RB < c ) ) OFDM«^g(CA*$ 

■CSl/Cv*. £co%£. fflBftftjUffS 10 7X71^3 

fflMSS-. IIMHH1 0 8tc*lVvt;y-M V^-Art/*) 
i«IM"C*4«4J > KIBI|-C«*3**i:. H5 <e ) i= 



[0060] 06T-<i. -7/W^\*X*^t, lligjfe (PJ 
0(a)) fc3*liJJ:tfJ&2Sffi« <HB (b) JSilf 
( c ) ) k03»J& t &Jft3*l*:-&iS» (RB ( d ) ) 
OFDM«^atA*^^*S^^. ffiB9fi*5«fc 

6tc2*ivc. >->^UBH :: ^* < ±t.TVM.ISIJ^S:^a'C 
*LTO*. £*>»£. fflSJfiSi^S10 7T?SSC$il 
S^iftfcPIffi^^l^-^fccOfflSlfitt. 06 (e) 

■ffiknOL 3SliI3^<05rafc«ttfSB2jIS$g*tf£: 

06 ( f ) fcjS-f ±5*KracjWfc*;fc3:«>«#ffl 
WA**#<c>*T.&. 06 (d) T**»*J:3«C. SSfiA 5 

•i s 1 0 9 est vc s n^nn&wft^ttb 

$>7b-rtiii. oFDummmmt. s^^sKhhsff* 

[00611 07T<±. v^ui»4t. SScift (PI 
0(a)) tg®ift (RBB (b) ) t0)2m^f$.ZiX 
tzSlSte (RB9 (c ) ) OFDMSIISlilStcA^^ 

wLtv^. coi^. fflraasi^si oix-mn^ix 

-&^fetP]«8x^;Wi#i:C0ffiSlfi{±. 07 (d) 
T'$>6S^BJSH@T-a^-S-fr6fc> 07 (e) C^«t 
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«WI3Et:fflv^ i k tfV* h . Wm.W8& 2 0 6 
(i. *-;UH»2 0 5T^— /WHSWwJa^SB^Ifi-^ 
B351&&&1 0 2£isvvt£ja$itrt:ffi& 

mg&fk&Z-tZ £ k Tit 3 CI k tft't * ♦ 
[00 6 8] -efC, _ti5<0J:-?£. HMS^JiOHrffl 

3S7-'Jx^iSl 0 3tc*»wc:7-yxS8llS*ufc 
^ ^-^fgggsi 0 4l;:i5ivC1IiS$*i.£. £*i£«fc 
0. ^-?fgPI3n 0 4^;^mvti£{I7 f -:Pa ^ B^fc^:t^ 
[00693 jy_btf> i 3 £. *5H8<0» 2 O^&fcJBJSC 
flS*OFDMtMPHS*4JJ:VaMt*rft*iJ:iU*. 

O F D M1SDS£S*3 ilrtlli^ifcti. -hlfiSS 1 O^ife^ 

-»Jx$3fc3-£6.Ikl::.J:9. *I^Of»Jg£££»Cfr-t 
[0 0 70 3 (»3O«i#»>H9*iJ:tfl8ll0*# 

mWfcmzi&h O F D M*gl)lgS*>fitJ£S:7rrf -f ? 

bit**. H9(c*3v^r. y 3.^aiag «U£(* & o f d 

MffHKICU. A/DSfflHI 10U, K&mftil 1 o 
2k. KS7-iJxjaHH10 3l:, f-^SiSl0 
4k. S/ysKA'^-f sy^JBSl 1 lk, 
gC|5IJ8&2 0 7k. »2<0«WRHW»3-4- 0 fc*fl&- - 
I). *2aMitiknXHI3 1 OJi. S®SS3 0 1k. * 
S383 0 2k. ¥%{fc353 0 3 k . SjSSt^H«ffS3 
04k. *-^F&305k. 7-f;k?306k. tett 
ffl«ffS307k. ^-f 5^^I^S3 0 8k. J5»St 
1#jES3 0 9k£ : rfS. 

[007 1 3 S9t3*f- <t 5 353<O^S£J$S£i&& 

^FDMmiasisji. ±e»2<««iwBt:««oFD- 

fcHMTC**. C<0SS2<Ojgj^RIplKBSs3 1 o«. mi 
«)JliaaKIBimi2 0 WifcHHI>';'"Krt'k*fr 

Hifi^® Ctf SOFD Mmgft0tt0>ffiA(* . -tE» 

1 fc <fc tffl 2 fOldSJgJIS tffi SO F DM f&frai£S«Dfllj£ 



[007 23 01013. m3<0^ttJ^SStC«6OFDM 
SiiilSSfcATlSnSOFDMfi-^^SSJrTrrr. Bl 

iHiiii &xxm i ««ihshihi2 o 7 
Kn»»3 i ot««s*i.*nii^^ai«^T**. m 

|l|Jffl^>'^;W2kL-C. fl«>68a5/5'jWW:n«K. * 

[0073] ^3<55Htfi^S^«'S.OFDMffi^ga'e 
l±. ^<0«t9=5:OFDM^i£:A7lL-C, j* CRISIS' v 

•eSdkSr^k LTV^S. JST. $&2<*>JIjifeSfe|3!»I& 

3 1 o^MWfcWfcsawctt'JW"*. 

[0074] S3c«t?ft& 102 CtJV>T^SfTJt:SlS 
jgjSm«J*<Ofi#{i. iU£3S3 0 1 feJ:^»S3 0 2 
£WfixA?3Sii&. SJES3 0 Hi. ATJ^itSS 

K«£->T5£*>&*1.£. HW^jKiW2fc^r-» s 

«. ««5/y«mxrA«kt«. «acS3 0 2 

ft-^-k. MSS3 0 1 -c»**i^dB»M!aWWW>« 

S 2 0 2 k H«M=v *»S 3 0 2 3BtaiUflrV\»9: 
^Sdktc^ri.. i^t. 3RJfi»3 0 2t=lsv»'CJ«KSf 

n^affliK^b^fJBrrsrk-c. «taw*t <n 

[007 53 «r*J. BJ«>'y#/P2* t , S-'S^ilOHWrart 
ZkWTth. ZixlzX*). SISCS3 0 2rJ±. Pit* 
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»H^^>ion kiro^-toi^ 1 zmttmom^k 
vxi>xw zntftis. mi(?>mmmM&2 0 7iz*i 
ttsaiffiSs2 o i <oim&&&m^>'#Ji>ws7)i&[. 

[0076] ¥%ffc&3 0 3(4. 3t£g3 0 2T£tf>£> 

¥^fl;S3 0 3i4. ®s 
S3 0 lTi5S§^-9->-r;HBt«0KIg|(3l3{tS&fflll 

-fl:S3 o 3iz&wx. Bf^^rn^TOfiBB**? 

vjv (¥^(a«iaiE«) #*#>e,iis. mmmmmn 

S3 0 4(4. TO-ffc&3 0 3T^6ft.& 3 FJgffifE&'<- 
? Wl^fcA^U T^ffifflM^.^ b/KOT-^ 
^Mtan-') fltUUA&il-?* 

. mmimmM&&3 oAx-m>t>ixtzmms^ 

iAftt. #-JH<»3 0 5^tli^$il&. 
[0077]-*. 7^^3 0 6tt. 3Hfl£s3 0 2T 

A'fcTitfc*** . *ft*tffi**»3 0 7 (4. 7 -r 3 

t4. mtmsm»3 o 7-c-*y>^tLfcffiffl^<.^ wuo 

**8*A*U ^#$^-^u-r|S|»iv^^2^» 
S3 (4, Pl»iv'>'^20»ilBJ-C«-«tC^**^ ffitf) 

mvyyji-coimm^? viwxk% $ fc . 1 -OBir^-f^ 

#-&mz%~>tzZ k LT*<0«tflM*tT*J 

(«itr. 8 0%) iaTt=36flsUfcB»jat«ia 
-eagres*. 

[0 0 78] *-/PK£30 5(4. :M S^«g»3 
tTV^*«M»»M*t««»WE»3 0 9AjB^-r 

mssyxnr i & xv?— * is y#/\'<DfflW?®MJEi l zm^ 



ZZtifiX-ZZ. M«dRHijE»3 0 9». *-;WH»3 
JfciftSl 0 2iz&^X$8%Z tit:mmsii)mtti£<r>iE^ 

£ k Tfx o -k 

[0079] ±IS<0 J: o C. J|I2aj|RHKHJ(Mi3 1 0 

1 1 is 1 OMtfdRnXHI 2 0 7 KA* Six* . * 
l/C. 2^>jK^-f S^HJBSl 1 1(4. HMS^d? 

2 o 7(4. mmi'>#fr2izg^xmimmjEztifii 
mm^y^funm^x. zuzmmmiEzirro. * 

JEJMa^ttaflm* . 1ffit7 - U x^^S 1 0 3 tc*5 
t»T?-'Ja3aHS<tfc«, T-^ffiiSSl 04(=45V^ 

raiasiis. ^n^io. -r-^sissi o4ic»v) 

[0080] £Ui«3 i 3 JC . 3 o5l«^-©(c 

&£OFDM&tBgB*3itfffl!8:^(cJ:ft.(4\ ±iem 

l*J:t^2^Wt»ll|-CiWBL<:it!Wft:JPi. OFD 

20^j^|5l«BS3 1 0fct>V^-C^^BrmS:«]E-r 

-ifucio, m3<r>mMsMmiz&&oFDMigffi£ 
saxx/mm^mit. ±Mm mxr/m2 dxmbbrmc 

J;|.^*(=JPi. Fra^^iK/i'2*fflv^««»ltiE«' 

[008 1] (m4<0^Sfi^®) HI 1— Ell 3 5r#S5 
LT. 49KW3fll4«>ICtt]BlB(Cfli&OPDMf0Bi» 
J3it««i*at«W«. 01 1(4. *$£BH<^&4<0 
^tfe^«(C^4 OFD MftPeaK^MA^^- 7*0 •/ 9 

mxhh. mi nza\^x. &4<r>mmm,zfahOF 

DMtR*BS»4. a/d?ESU1 oik. i£^e!iSSl 

02t. «a7-yx3Sft»i 03k. r-^fsissi 

0 4k. V#;l^5"f 5 V^lnlWS 111k. lffbS8 
0 1k. ftiS&«tJgS8 02k. S*^y.-K;H6^S8 
0 3 k. ;Ma-y hdr^UT ( PC ) ttJUS8 0 4 k . 
ffifflS(bfli*»8 0 5k. 3S-^ftffi«S8 06k Srfilx 

[ 0 0 8 2 ] 12 1 1 \iZ9rctX o (C. 314 eoHtfeJ&»S(c$ 

soFDMamgg(4. ±te»i<oius^stffii.oF 

DMffif^gC. «fftf»8 0 1 . «iXK«^S8 0 2. 
^yy^MS8 0 3 . P C#k4i&8 0 4 . &*B35 
ib«»S8 0 5 fc«tl^J§^ft^S8 0 6S-$ t>izMz. 
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mm&nftiommi. imzw. 1 ommmtz& sofd 

[0 083] 01 2fc, m4iOHtl)gSlt«^OFDM 
«flBiaHA*SnSOFDMfi-^<OJBSI5:Sr^. HI 

*ii i i&£vt$ie>mmimm&2 0 7X'&m2ti& 
mm^y^ivx-hh. znmiRi'yxfr&m^xtiiiiiz 
titzi/isx/vtA s^tiot, mms/>X)vim<r> 

>xjvx'$>&. z<nmmi'>#fr&m^x{fimmm<o 
mfctffrhit. *commzm^x&m^>#>wm<?> 

^<r>^y #>\,Ti>ixli X v«0T\ IrIXB^ >-^;U5rSm^ 
i£*8#5g&8 0 2. ^->y^t\^±^s80 3. PCM 

ass o 4 . (iffl^?ss:s8 o 5fe i^-m.«t^s 
8 0 6 <oi»^s-p«B^^-ri. . 

[0 084] FFT<g?g£8l 10{±, HUBS' ^jK/I/* 

m^xmm^ti^y&^-f s.y^mm,zm^x. 

yx^&g 1 0 3 £!M££-eS 5 
X.4FF T^fl#t:^-ri> . yx^&ss 1 0 

3J±, ^;l&*l.&FFT5gfl-SH::g-?vv?\ XJlZtiZ 

mjmmffi®<r>is*?t:3ffli'>'#>mi5X'7-v xgg 
m-zzkx\ ^mmm<om^z$mti>. msm 

mcom4l l z289iZtvtz&Z'>#JUi. t£-fL3§8 0 1 
l/«iM»«^f58 0 2fcA^§ixS. g^i^tf/HB^ 
S8 0 3«i. JS^-C^^a^v-y^O^JS^Sfc^^Od 
fXref ( k > . ^V-f^SS 0 

sit, mm. **i>eww«rt**. -t^*^ * 

tf>fiM$l/t£K IfXr e f ( k ) <?>56£{±. •RJfb 
[0085] fsi£»S£5g&8 0 214. Sifci^tf/KOft 

frrs^ftfi^r (t> , &mmw.b&mmw.tnisi 

<V 

R (k) =H (k) XX (k) 

fctf U R ( k ) , H ( k ) tJ iZ/X ( k ) ti. 

tlr ( t ) . h < t) t5«fcl/x (t) fr7-yxXim, 

fcttr*«. «fc^-t\ eini»^±H (k> t^««<i. is 
fifi-^x (k) jpBgrr&Jiif. ^osetctoT^pc 
km*. 

H (k ) =R (k ) /X (k) 



/K0m#R r e f ( k ) S2p^^^;l^l*S8 0 3 
T'^SaS«-tX r e f ( k ) T#ff-r& -I kf. g 
&Sm&H (k) £*lj£-*-|>,Ii£*TP. 
[ 0 0 8 6 ] 4-. 5IHl«SOT*»^3ll<i$<XT < if-^ 
S^tf;U9j*{s<I-«H:Xdata (k) . OFDMfSM 

mm*&m^&^-?i'yx>ve> i £mm j $z r d a t a 

(k) % am§£gfcOFDM8UBi£Bfc^rao6D£»# 
ttSrH' <k) t-rst. ^fr^tf^li. -hlEfcPHU 

Rdata(k)=H' (k)XXdata(k) 

( k ) #>*x- 9 is > Xfl-ommimH • ( k ) i: 111* 
^U^-fillf. ^-^y^KOSftft-^-Rdat a 

( k ) £{EJ*&<»ttH ( k ) X'ftl&t t T. 7*-* 
^y^/KOiMfHi-^Xdat a (k) 
TSSClfcteSrS. ioT. ^-fb»8 0 1J±, g^Kft 
£&8 0 2Tft£3ftfcfeiMS&#ttH (k) x-* 
S^sfrKOgfUI^R d a t a ( k ) £ k 

T. OFDMfi^O^fL^fT^. 

[ o o 8 7 ] t z <bT. ^Sd^siST^^T-y 
t*. hi 3fe«surati. mi 3 

es^v^Ko^a^^^xsisisr^-rF f 

*>S. ft-jt. SAW*. PWH^>#;v«>«iaj5"f sv 
^fritBlkUT. Lfyr/HHIiLowl/^k -5-<7) 
f^M^yr/UTOiH i sfhi^^Pk«r*«»ftll*)jR 
■TFFT^fi#?:%±$-ti-6. tit, y>7V>?m 

m^^mmmsix~rtix^&t, mammmmi 

XT) s SfaHStSlTIi (MXT* ) b%*) . Sttr«» 
fc, FFTJgfl^H i ghW<.^T'&S$ISIfcK-m 

[00 88] Z\<ni.ot,Z. FFTJgfl-f-O^-f 5^** 
■fixT Li a b , JBl«R1IWMcSa«S*ufe«^i. 

(k) « % %OJ: 4 

R(k)=H(k) xX(k) xexp (-jx2»x 
kXAt/N) 

fc«U NliFFT^^Ma 

^7-/H8t) . ktt-t^+yrWMR. AtliFFT® 
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